Cytomixis was recorded during microsporogenesis in a tetraploid (2nϭ4xϭ48) genotype of spearmint (Mentha spicata L.), an aromatic plant of the family Lamiaceae. The phenomenon of cytomixis was observed in leptotene to pachytene stages of the first meiotic prophase. The migration of nuclear content involved all the chromosomes or part of the chromosomes of the donor cell. The occurrence of PMCs with chromosome numbers deviating from the tetraploid number (2nϭ48), derived from the process of cytomixis indicated the possibility of aneuploid and polyploid gamete production. The pollen fertility was found to be affected by this phenomenon and it seems possible that genetic factors might have also contributed towards the pollen sterility.
adding a drop of 2% acetocarmine. Somatic chromosome number from root-tips of plants raised from cuttings in the glass-house was determined following the method of Tyagi and Naqvi (1987) . The slides were examined using Bright Phase Contrast attachment on Nikon Elipse-E 6000 research microscope.
Pollen stainability was estimated as the percentage of pollen grains stained with 1% I 2 -KI solution. More than 500 pollen grains from flowers of different inflorescences were counted.
Results and discussion
There is firm evidence from morphological, cytological (Harley 1963 ) and biochemical (Hendriks 1974) data to indicate that M. spicata is a tetraploid species with 48 chromosomes derived from 2 closely related and interfertile wild diploids M. longifolia and M. suaveolens, each with 2nϭ24, by hybridization and chromosome doubling. However, 2 more cytotypes with chromosome number 2nϭ36 (Sharma and Bhattacharyya 1959 , Murray et al. 1972 , Harley and Brighton 1977 , Tyagi et al. 1992 , Chambers and Hummer 1994 and 2nϭ72 (Tyagi and Ahmad 1988) have also been reported in M. spicata. In the present study, chromosome counts made at somatic metaphase from root-tips of the genotype MSM-1 of M. spicata revealed that it contains a stable tetraploid number of 48 chromosomes (Fig. 1A) .
The development of microsporogenesis from early prophase to the tetrad stage was examined to find out the way and the extent to which cytomixis takes place in genotype MSM-1 of M. spicata. Meiosis was found to be synchronized uniformly and proceeded normally in most (83.3%) of the PMCs. In the first meiotic division, the 48 chromosomes formed 24 bivalents (Fig. 1B, D) with the exception of a rare occurrence of a 22 bivalents plus 1 quadrivalent configuration at diakinesis/ metaphase I (Fig. 1E ) that align themselves on a single equatorial plate followed by a 24-24 bipolar anaphase I disjunction (Fig. 1C) . In the second meiotic division, PMCs proceeded in a normal way through metaphase II and anaphase II (with rare occurrence of 1-4 laggards) and typically, a 4-celled sporad was formed after simultaneous type of cytokinesis which resulted in 4 haploid (n) pollen grains. However, occurrence of cytomixis during leptotene (Fig. 1G ) to pachytene ( Fig. 1H ) stages of first meiotic prophase was observed in 16.7% PMCs (Fig. 1F-K) . A similar case of cytomixis restricted to leptotene and pachytene stages of the first meiotic prophase has also been reported in Pisum sativum (Gottschalk 1970 ). The present finding of the occurrence of cytomixis only during early to mind stages of prophase I of meiosis might be due to the general belief that early stages of microsporogenesis are more favorable to cytomixis (Maheshwari 1950) .
The chromatin/chromosome migration preferentially occurred between 2 PMCs (Fig.  1F , G, I, K), although in some cases 3 to 5 meiocytes were found to involved in cytomixis. Cytomixis occurred through cytoplasmic connections consisted of channels of varying breadth that were sufficiently large to permit the migration of the chromatin/chromosomes among adjacent meiocytes at same phase of meiosis (Fig. 1G, I ). It was not uncommon to find 2 (Fig. 1G ) or 3 cytoplasmic channels at a time connecting 2 PMCs. The migration of chromatin/chromosomes in PMCs involved in cytomixis was usually in one direction with a donor cell and a recipient cell (Fig.  1F , G, I, K). However, a single meiocyte contributing chromatin/chromosomes to more than one adjoining PMCs was also rarely observed. The existence of cytoplasmic channels between adjoining PMCs permitting the transfer of chromatin/chromosomes has been confirmed by several workers (Heslop-Harrison 1966 , Risueno et al. 1968 , Baquar and Husain 1969 , Whelan 1974 , Omara 1976 , Zheng et al. 1987 , Yen et al. 1993 , Falistocco et al. 1995 . Further, cytomictic channels have been considered important in cell to cell communication (McLean et al. 1997 , Aaziz et al. 2001 . They would maintain close synchrony among cells during microsporogenesis process (Heslop-Harrison 1973, Knox and McConchie 1986) .
The amount of migrating chromatin varied greatly ranging from a portion of it to the entire complement (Fig. 1G) . On completion of migration of chromatin/chromosome, there was a normal continuation of microsporogenesis. As a consequence of cytomixis, meiocytes without chromosomes ( Fig. 2A) and those with 2 (1 II), 4 (2 II or 1 IIϩ2 I), 6 (3 II), 15 (7 IIϩ1 ⌱), 22 (9 IIϩ1 IV), 24 (10 IIϩ1 IV), 36 (16 IIϩ4 I), 47 (22 IIϩ3 I), 66 (28 IIϩ10 I) and 96 (48 II) chromosomes at diakinesis/metaphase I (Fig. 1B-L) were observed in different frequencies (Table 1) . Narain (1980) suggested that the amount of material extruded from one cell into another, i.e., either a short strand of chromatin or whole chromosomes, could depend on the nature and number of protoplasmic connections of the affected cell. Occurrence of these PMCs, with chromosome numbers deviating from the tetraploid number (2nϭ4xϭ48), derived from the process of cytomixis indicates the possibility of aneuploid and polyploid gamete production which can be regarded as an event with potential consequences on polyploidization of the genotype MSM-1 of M. spicata. The significance of cytomixis has been variously assessed. It has been considered by some workers as a mechanism of evolutionary importance for plants due to its possible role in the origin of aneuploids and polyploids (Sarvel-70 B. R. Tyagi Cytologia 68(1) Omara 1976 , Salesses 1970 , Basavaiah and Murthy 1987 , Zheng et al. 1987 , Bahl and Tyagi 1988 , Falistocco et al. 1995 and B-chromosomes (Cheng et al. 1975) . For others, it represents just an unfavorable phenomenon with deleterious effect on fertility (Marechal 1963) . The cytomictic condition was found to be associated with the reduction in pollen fertility by 72.6% as indicated by staining. Three types of pollen grains were seen-larger and smaller filled grains that took stain and smaller empty unstained abortive grains (Fig. 2M) . Since it has been demonstrated that the size of pollen grains is related to the ploidy level (Stanley and Linskens 1974) , it is assumed that genotype MSM-1 of M. spicata produced, in addition to haploid pollen, aneuploid and polyploid pollen grains. However, cytomixis alone can not account for the higher pollen sterility observed in the present case. It seems possible that genetic factors might have also contributed to the production of sterile pollen.
The factors responsible for cytomixis are rather ambiguous. Some possible causes attributed to cytomixis are effect of fixation (Woodworth 1931 , Jacob 1941 , Linnert 1955 , Takats 1959 , Gottschalk 1970 , mechanical injury (Sarvella 1958) , pathological conditions (Bobak and Herich 1978, Morisset 1978) , temperature anomalies (Basavaiah and Murthy 1987, Soman and Bhavannandan 1993) , polyploid level (Verma et al. 1984) , hybrid condition (Narain 1979 , Yen et al. 1993 , cell response as a consequence of pesticides and antibiotic dosages (Kumar and Sinha 1991) , abnormal genetic behavior due to treatment with chemical mutagen (Kumar and Srivastava 2001, Kumar and Sharma 2002) , crop culture condition (Pierozzi and Benatti Jr. 1998 ), failure of cell wall formation at premeiotic mitosis (Gates and Rees 1921 , Beadle 1932 , Kamra 1960 , and genetically controlled behaviour (Brown and Bertke 1974, De Mantu and Sharma 1983) . However, cytomixis in the present case may be attributed to either genetic or physiological factors.
